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Reduced Displacement of Coracoacromial
Ligaments During Shoulder Motion in the
Aged: Evaluation by Ultrasonography
Chueh-Hung Wu, Chih-Ming Lin, Yi-Chiang Wang*, Tyng-Guey Wang, 
Yen-Ho Wang
Degeneration of the coracoacromial ligament (CAL), which is related to age, may cause 
it to become stiff. The objective of this study was to compare the difference in CAL dis-
placement during shoulder motion between different age groups by dynamic ultrasono-
graphic examination. Thirty aged (> 55 years old) and 26 young (<35 years old) healthy
persons without shoulder pain participated in this study. In a static examination, the
length and thickness of the CAL and the shortest distance between the CAL and the
humeral head were measured. During the dynamic examination, the CAL displacement
was filmed, and both active and passive shoulder motions (shoulder abduction and inter-
nal rotation, SAIR) were recorded. The CAL displacement was reviewed and measured
until the maximal displacement was recorded. The Mann-Whitney U test was used to
compare the demographic data and the ultrasonographic parameters between the aged
group and the young group. During the passive SAIR motion, CAL displacement of the
aged group was significantly smaller than that of the young group (median =1.75 mm,
interquartile [IQ] range, 1.31–2.26 mm vs. median =2.20 mm, IQ range, 1.33–3.02 mm;
p =0.003). The same difference was noted during active SAIR motion (median =1.90 mm,
IQ range, 1.38–2.41 mm vs. median =2.35 mm, IQ range, 1.61–2.92 mm; p =0.001).
However, with the static examination, there were no differences in CAL thickness, CAL
length, and the shortest distance between the CAL and the humeral head between the
two groups. Using dynamic ultrasonography, displacement of CAL was smaller in aged
participants compared with that in young participants.
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Introduction
The coracoacromial ligament (CAL) is considered
to play an important role in the pathoetiology of
shoulder impingement syndrome (SIS), especially
in those patients without shoulder bony abnormal-
ities [1,2]. Impingement between the CAL and the
rotator cuff tendons may cause pain and inflam-
mation and ultimately lead to a tear of the rotator
cuff tendons [3,4]. The relationship between the
CAL and SIS has been previously demonstrated,
showing a macroscopically stiffened and thickened
CAL, with microscopically disorganized collagen
fibers in patients with SIS [1,5].
A normal CAL should be elastic, yielding, and with
a high failure load. Failure load means the stress,
which when steadily applied to a structural member,
is just sufficient to break or rupture it. The elastic
property of the CAL may be influenced by several
causes, such as genetic propensity, repeated trauma,
and degeneration. Among them, degeneration is
considered to be the most significant. A degener-
ated CAL shows a high elastic modulus when mea-
sured with scanning acoustic microscopy, which
indicates that the CAL is stiffened by degeneration
[6]. In addition, degenerative changes in the CAL
are reported to be related to age, independently of
the presence of a rotator cuff tear [7]. These obser-
vations came from cadaveric or postoperative spec-
imens; they suggested that there are different elastic
properties of the CAL between young and aged
people. However, the difference in properties of the
CAL between different age groups has not been
studied in vivo.
Ultrasonography (US) has been shown to be a
valuable imaging tool for dynamically recording the
CAL displacement during different shoulder motions
[8,9]. By using US to measure the CAL displace-
ment during the course of shoulder movement, we
aimed to compare the difference in CAL displace-
ment between different age groups without rota-
tor cuff tears. Based on the fact that the CAL is
stiffened by degeneration, we hypothesized that
displacement of the CAL is smaller in aged people
than in young people.
Materials and Methods
Thirty aged (>55 years old) and 26 young (<35
years old) healthy individuals volunteered to par-
ticipate in this study. Based on clinical information,
participants were excluded from the study if they
had shoulder pain within 1 year prior to the com-
mencement of this study, adhesive capsulitis, cer-
vical radiculopathy, fracture, injury of the shoulder
girdle, systemic musculoskeletal disease, or a history
of corticosteroid injection or surgery to the shoul-
der. All participants underwent physical examina-
tions, including empty-can, speed, lift-off, sulcus,
anterior apprehension, relocation, Neer’s impinge-
ment and Hawkins-Kennedy impingement tests.
Participants with a positive testing were excluded.
All participants also underwent a screening US exam-
ination, and those with rotator cuff tendon tear,
rotator cuff tendinitis, calcification of the rotator
cuff or subacromial bursitis were excluded. Written
informed consent was obtained from all the parti-
cipants. The study protocol was presented to the
Research Ethics Committee of a tertiary medical
center and was approved before this study was 
initiated.
US was performed by the same examination
team (including two of the authors of this study,
one with 3 years’ experience performing US and
the other with 18 months’ training with exami-
nations of more than 1,000 cases). A linear array
transducer (7–14 MHz) fitted in a Toshiba machine
(Xario Model SSA-660A; Toshiba, Tokyo, Japan) was
used. It can measure a distance as small as 0.1 mm.
Both shoulders of all the participants were exam-
ined during static and dynamic examinations.
During the static examination, each participant
sat upright with both forearms supinated and resting
on the ipsilateral thigh. A transducer was placed
perpendicularly on the skin between the coracoid
process and acromial tip, and the CAL was identi-
fied. The length and thickness of the CAL were
measured. The transducer was then tilted to iden-
tify the humeral head (HH). The shortest distance
between the CAL and the humeral head (CAL-HH)
was measured (Fig. 1).
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During the dynamic examination, the shoulder
was placed in 90° abduction and 90° external rota-
tion with the elbow in 90° flexion. It was then inter-
nally rotated to the terminal range of motion in a
passive manner. This motion (shoulder abduction
and internal rotation, SAIR) produced the most
prominent CAL displacement [8,9]. The CAL was
traced throughout the range of internal rotation.
The examiner tested the shoulder slowly at an
angular velocity of approximately 20° per second.
During the examination, CAL displacement with
various degrees of superior convexity could be seen
(Figs. 2A and 2B) and the process was recorded
with an animated film at a frame rate of 30 frames
per second. In addition to passive SAIR motion,
each participant was instructed to actively perform
the SAIR motion, and they underwent the same
ultrasonographic examination. Measurements of the
CAL displacement were performed by reviewing
the dynamic films 5–7 days later by the two sono-
graphers, who did not know any clinical details of
the participants. The CAL displacement measured
from the vertex of the CAL convexity to a line con-
necting the acromion and the coracoid process at
the CAL attachment (Fig. 2C) was reviewed repeat-
edly and the maximal displacement was recorded.
We used the Mann-Whitney U test to compare
the demographic data and the US parameters
between the aged group and the young group.
The intraclass correlation coefficient was calculated




Fig. 1. The coracoacromial ligament (CAL), which spans the
acromion and the coracoid process, is flat at rest. By tilting the
probe to show the humeral head, we measured the shortest
distance between the CAL and the humeral head. A= acromion;












Fig. 2. Measurement of displacement of the coracoacromial 
ligament (CAL). (A) The CAL (arrows) is flat at rest. (B) The
CAL (arrows) bulged during motion of shoulder abduction and
internal rotation. (C) A line was drawn from the bony insertions
of the CAL on the acromion to the insertion on the coracoid
process. The distance of the displacement was measured verti-
cally from the vertex of the bulge to the line. A= acromion;
C= coracoid process; HH= humeral head.
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measurements of the CAL displacement. Results are
expressed as the median (interquartile [IQ] range).
A p value of <0.05 was considered significant.
Results
Comparison of demographic data is shown in Table
1. There were no differences in the male-female
ratio, weight or body mass index between the aged
group and the young group. The young group
was significantly taller than the aged group.
Interrater and intrarater reliability of measure-
ments of displacement of the CAL were good
(Table 2).
CAL thickness, CAL length and CAL-HH were
not found to be significantly different between the
aged group and the young group, although it
seemed that the CAL was shorter and thicker in
the aged group than in the young group. During
passive SAIR motion, CAL displacement was signif-
icantly smaller in the aged group than that in the
young group (median =1.75 mm, IQ range, 1.31–
2.26 mm vs. median =2.20 mm, IQ range, 1.33–
3.02 mm; p =0.003). The same finding was noted
during active SAIR motion (median =1.90 mm, IQ
range, 1.38–2.41 mm vs. median =2.35 mm, IQ
range, 1.61–2.92 mm; p =0.001, Table 3).
Discussion
We found that CAL displacement was smaller in
the aged group than that in the young group 
during both the passive and active SAIR motions. 
The degree of CAL displacement depends on several
factors, including viscoelastic properties of the CAL,
the space between the coracoacromial arch and
the HH, and the degree of upper translation of the
HH during shoulder motion. CAL-HH was used as a
representative of subacromial soft tissue including
rotator cuff tendons because of the nonyielding
characteristic of the subacromial space [10]. In this
study, the CAL-HH distance was not different be-
tween the two groups, which suggests similar sizes
in the subacromial space between the two groups.
In patients with SIS, abnormal upper translation of
HH causes greater CAL displacement [11]. In our
study, since impingement signs were negative in all
subjects, we assumed that there was no abnormal
upper translation of the HH in both groups. When
being compressed, a stiffened CAL should undergo
a smaller deformation. Therefore, the smaller CAL
displacement in the aged group compared with the
young group may be attributed to a stiffened CAL.
Some studies have demonstrated that the prop-
erties [1,2,5,6,12] and the morphology [13,14] of
the CAL play an important role in rotator cuff tears,
and others have demonstrated age-related changes
in the properties of the CAL [7,15]. Degenerative
Table 1. Comparison of demographic data between the two groups*
Aged Young p
Sex (M/F) 13/17 12/14
Age (yr) 60.0 (56.3–67.5) 23.5 (15.9–30.1)
Height (cm) 160.0 (152.2–169) 167.5 (157.8–175.4) 0.012
Weight (kg) 59.0 (51.6–67.0) 67.0 (52.4–74.6) 0.09
BMI (kg/m2) 23.0 (20.8–25.2) 22.2 (19.5–25.0) 0.27
*Values are median (interquartile range). BMI= body mass index.
Table 2. Results of reliability test of measurements of
displacement of the coracoacromial ligament
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changes, including stiffening and disarrayed colla-
gen fiber organization, have been observed in the
CAL of those with rotator cuff tears and the aged.
All of these previous studies evaluated the CAL of
cadaveric or postoperative specimens. However, it
is unknown whether similar findings exist in vivo.
Another study examined the CAL tension in vivo,
but a differential variable reluctance transducer was
necessary during intraoperative testing, which was
invasive [16]. In this study, we utilized noninvasive
US to demonstrate a less deformed CAL in the
aged, which may serve as indirect evidence for a
CAL stiffening process of aging.
The CAL seemed to be thicker and shorter in the
aged group than in the young group, although this
was not statistically significant. In cadaveric studies,
the mean length of the CAL was reported to be
26.6–36.9mm and the mean thickness of the CAL
was reported to be 0.96–1.5mm in different series
[2,12,15]. Two of these studies also revealed that the
CAL in the rotator cuff tear group and aged group
was shorter and had a larger cross-sectional area than
those of healthy controls, but there was no difference
in the CAL thickness [2,15]. In this study, US mea-
surements agreed with the results of previous studies.
This study was subject to several limitations.
First, the sample size was relatively small. However,
we did find a significant difference in the CAL dis-
placement between the two groups. Furthermore,
the results of this in vivo study were compatible with
previous cadaveric studies. Second, we did not eval-
uate morphologic features of the acromion, nor did
we evaluate the space between the humeral head
and the acromion with plain films [17,18]. However,
previous research evaluating the acromiohumeral
distance and subacromial space has established
that there is a strong correlation between US and
radiological examinations [19–21]. Third, we did
not conduct histological or mechanical stress tests
to assess the stiffness of the CAL. It was not practi-
cal to dissect the CAL from these asymptomatic
subjects. Further research on the stiffness of the
CAL using ultrasound elastography is suggested in 
normal subjects [22].
By using dynamic ultrasonography, we demon-
strated a smaller displacement of the CAL in the
aged group than that in the young group. This
may indicate that the CAL becomes stiffer with the
aging process, similar to results shown in previ-
ous cadaveric studies. Similar techniques could be
applied to investigate CAL elasticity in subjects with
subacromial impingement syndrome. Further stud-
ies are required to determine whether a stiffened
CAL in aged people leads to shoulder pathology.
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